Ethanolic and aqueous extract of Ipomoea batatas (L.) Lam. leaf grown in Croatia were prepared. Antioxidant activity of the extracts, as well as their effect on intracellular glucose-induced oxidative stress, was determined. Antioxidant activity was assayed by DPPH radical scavenging activity, reducing power, activity in β-carotene-linoleic acid assay, and superoxide dismutase-like activity. In addition to being richer in phenols and flavonoids than aqueous extract, ethanolic extract also demonstrated superior antioxidant activity in all the assays. In a concentration of 10 μg/ml, both extracts were able to significantly increase intracellular glutathione levels.
INTRODUCTION
Nowadays, many nutritional studies are concentrating on examining foods for their protective and disease preventing potential. In addition to meeting basic nutritional requirements, foods have now assumed the status of "functional foods," which should be capable of providing additional physiological benefit, such as preventing or delaying onset of chronic diseases and promoting health, longevity, and life quality. Besides their impact on nutritional therapy and the beneficial effects on prevention and treatment of diseases, nutraceuticals also represent a growing segment of today's food industry. [1] Some medical disorders, such as metabolic syndrome like diabetes, lead to a constant state of enhanced oxidative stress. In diabetes, for example, chronic hyperglycemia induces oxidative stress in all tissues because glucose in abnormally high concentrations forms reactive oxygen species. This can lead to oxidative damage to the classical secondary targets of diabetes, such as eyes, kidneys, and nerves. [2, 3] In order to alleviate oxidative stress, it should be counter-balanced by endo-or exogenous antioxidants. One of the most important antioxidants in cells is glutathione (GSH). The intracellular content of GSH is a function of the balance between its use and synthesis. In states of oxidative stress, constant and rapid 965 replenishment of GSH is required, which is accomplished through both the reduction of oxidized GSH and de novo synthesis. Changing the GSH status in the treatment of metabolic disorder and diabetes may have substantial potential in development of nutraceuticals. [4, 5] Ipomoea batatas (L.) Lam. (Convolvulaceae) is a plant originating from subtropical and tropical areas of the Americas. While its root is commonly used in human nutrition, the vines and leaves of I. batatas are rarely consumed in spite of the fact that they are rich in nutritive and functional components. They contain a large amount of protein, showing high amino acid score. Furthermore, I. batatas leaves are rich in soluble dietary fiber; they have high mineral content, particularly iron, as well as high vitamin content, such as carotene, vitamin B2, vitamin C, and vitamin E. [6] In addition, there are numerous studies that point to the beneficial effect of the I. batatas leaf on human health as reviewed by Johnson and Pace. [7] Among others, I. batatas leaf showed certain effects that might prove valuable in relieving hyperglycemia. For example, I. batatas leaf demonstrated antidiabetic activity in non-insulin dependent diabetic rats. [8] Moreover, it seems that I. batatas leaf was able to inhibit glucose uptake by Caco-2 cells. [9] Finally, I. batatas from Asia and North America displayed notable antioxidant activity. [10] [11] [12] There is no published report on composition or activity of I batatas grown in European continental climate. In this work, aqueous and ethanolic extracts of I. batatas leaf grown in continental Croatia were prepared. The antioxidant activities of the extracts were evaluated using four different methods. In addition, content of phenolics (total phenols and flavonoids) and the effect of the extracts on intracellular GSH level were investigated.
MATERIALS AND METHODS

Materials
Butylated hydroxyanisol (BHA), 2,2-diphenyl-1-picrylhydrazyl (DPPH), β-carotene, linoleic acid, Folin-Ciocalteu reagent, TRIS (2-amino-2-hydroxymethyl-propane-1,3-diol), Tween-40 (polyoxyethylene sorbitan monopalmitate), ascorbic acid (ASC), quercetin, pyrogallol, and gallic acid were purchased from Sigma-Aldrich (St. Louis, MO, USA). Other chemicals and solvents used were of analytical grade. Concentrations of the reduced form of GSH were assayed using a commercially available detection system (Cayman, Ann Arbor, MI, USA).
Herbal Material and Preparation of the Extracts
I. batatas was cultivated in Slatina (central Croatia). Leaves were collected in September 2008. For preparation of extracts, air-dried leaves (10.0 g) were powdered and extracted with water or ethanol (50 mL) by ultrasonication at 45
• C for 45 min (SONOREX ® Digital 10 P, Bandelin, Germany). After that, the extracts were filtered and evaporated to dryness under reduced pressure. The extracts were stored at +4
• C in the dark until use. Yields of the extraction were calculated as weight of the extract obtained from 100 g of plant material.
DPPH Radical-Scavenging Activity
The scavenging effect for DPPH radical was assessed as previously described. [13] Briefly, 2.0 mL of extract solution (0.4-50.0 μg/mL) was added to 2.0 mL of DPPH ethanolic solution (0.16 mM). After 30 min, absorbance was read at 517 nm (Lambda 25, Perkin Elmer, USA). Radical scavenging activity (RSA) for DPPH free radical was calculated using the equation: RSA = (1 -A sample /A control ) × 100, where the A control is the absorbance of the control (0.08 mM solution of DPPH) and the A sample is the absorbance of the extract. Bleached DPPH solution, prepared by adding 2.0 mL of 0.16 mM DPPH solution to 2.0 mL of 1 mg/mL BHA solution, was used as a blank. DPPH radical scavenging activity was calculated as EC 50 , the concentration that scavenges 50% of DPPH free radical and, thus, has RSA = 50%. Antioxidant activity of BHA was measured as standard reference.
The Reducing Power of the Extracts
The reducing power of extracts was determined according to the previously described method. [14] In short, extracts (0.2-1.0 mg) were dissolved in 1.0 mL of distilled water and mixed with 2.5 mL of 0.2 M phosphate buffer (pH 6.6) and 2.5 mL of 1% potassium ferricyanide. The mixtures were incubated at 50
• C for 20 min. After incubation, 2.5 mL of 10% trichloroacetic acid was added and the mixtures were centrifuged for 10 min. Aliquots of 2.5 mL of the upper layer were combined with 2.5 mL of water and 0.5 mL of the 0.1% solution of ferric chloride. Absorbance was read at 700 nm. Greater absorbance indicated greater reducing power. The antioxidant activity of ASC as the standard reference was also assayed.
β-Carotene-Linoleic Acid Assay
The antioxidant activity of extracts was evaluated using a β-carotene-linoleic acid system. [15] In short, 1 mL of β-carotene solution in chloroform (0.2 mg/mL) was pipetted into a round-bottom flask. To the solution, 20 mg of linoleic acid and 200 mg of Tween-40 were added. After removing chloroform in a rotary evaporator, 50 mL of aerated distilled water was added with vigorous stirring. Aliquots (5 mL) of thus obtained emulsion were transferred to a series of tubes containing 2 mg of extracts dissolved in 1 mL of 0.4% Tween-40 solution. A tube containing 1 mL of 0.4% Tween 40 solution instead of antioxidant solution served as the control. Tubes were then placed in a water bath at 50
• C for 2 h. The absorbance of each sample was measured at 470 nm at 15-min intervals, starting immediately after sample preparation (t = 0 min) until the end of the experiment (t = 120 min). The rate of β-carotene bleaching (R) for the extracts, BHA, and water, was calculated according to first-order kinetics. The antioxidant activity in β-carotene-linoleic acid assay (ANT) was calculated as: ANT = (1 -R sample /R control ) × 100, where R control and R sample are average bleaching rates of water and extract, respectively. The antioxidant activity of BHA as the standard reference was also assayed.
Assay for Superoxide Dismutase-Like Activity
Superoxide dismutase-like activity (SODL) was assayed as described in An et al. [16] The reaction mixture was prepared by mixing 0.2 mL of the extract solution as the sample and water as the control, 2.6 mL of the tris-HCl buffer (50 mM TRIS and 10 mM EDTA, pH 8.5), 0.2 mL of 7.2 mM pyrogallol and left at 25
• C for 10 min. Reaction was stopped by adding 0.1 mL of 1.0 M HCl. Absorbance was measured at 420 nm and SODL was calculated using the equation: SODL = (1 -A sample /A control ) × 100, where A control and A sample are average absorbance of water control and extract, respectively. EC 50 , the concentration that reduces the concentration of pyrogallol by 50% and has thus SODL = 50%, was determined. The antioxidant activity of ASC as standard reference was also assayed.
Total Phenol Content
Total phenol content in extracts was determined spectroscopically. [17] In brief, 0.5 mL of extract solution was mixed with Folin-Ciocalteu reagent (0.5 mL) and 0.1 g/mL Na 2 CO 3 (0.5 mL). The absorbance was measured at 760 nm after 1 h of incubation at room temperature. Total phenolic content was calculated from the calibration curve of gallic acid and expressed as gallic acid equivalents (mg/g of dry mass).
Total Flavonoid Content
Total flavonoid content in I. batatas extracts were determined by complexation with Al 3+ ions. [18] To 0.5 mL of extract solution, 0.5 mL of 2% AlCl 3 ethanol solution was added. After 1 h, the absorbance was measured at 420 nm. Total flavonoid content was calculated from calibration curve of quercetin acid and expressed as quercetin equivalents (mg/g of dry mass).
Glutathione Assay
Concentration of GSH was determined in Hep G2 cells that were treated with 20 mM glucose solution and different concentrations of extracts. GSH levels were quantified using Cayman's GSH assay kit. [19] The production of a yellow colored 5-thio-2-nitrobenzoic acid was measured at 405 nm. Levels of GSH in cells treated with glucose and extract were compared to the levels of cells that were not treated with extracts or glucose (normal control) and cells that were treated only with glucose (negative control).
Statistical Analysis
The experiments were performed in triplicate. The results were expressed as mean ± SD. Statistical analyses were performed using the JMP V6 from SAS software (SAS Institute, Cary, NC, USA). The results were analyzed using Student's t-test. Values of p < 0.05 were considered to be statistically significant.
RESULTS AND DISCUSSION
DPPH Radical-Scavenging Activity
The method of scavenging stable DPPH free radicals is frequently used to evaluate antioxidant activity of specific compounds or extracts in a short time. It is considered that the DPPH free radical scavenging by antioxidants is either due to their hydrogen-donating ability [20] or the electron transfer reaction. [21] Radical scavenging activity of I. batatas extracts was compared with activity of synthetic antioxidant, BHA (Table 1 ). In this investigation, the activity of the extract and BHA increased linearly with concentration (r 2 > 0.9). Although the activities of the extracts were lower than the activity of BHA, both extracts demonstrated notable antioxidant properties. The activity of ethanolic extract of I. batatas Values are an average of three replications ± SD. * Statistically different than control (p < 0.05).
Control: a butylated hydroxyanisole or b ascorbic acid.
leaf was especially pronounced and significantly higher than activity demonstrated by aqueous extract. This finding is in accordance with some previous studies that demonstrated superior DPPH radical scavenging activity of ethanolic extract of certain plants over antioxidant activities of extracts obtained by more polar solvents. [10, 22] EC 50 value of ethanolic extract in the present study (54.1 μg/ml) was similar to EC 50 reported by Prasanth et al. [23] (36.5 μg/ml) for I. batatas grown in India. In a study of Thu et al. [11] that investigated RSA of I. batatas leaf from Vietnam, EC 50 was achieved with a sample that contained 4.0 nmol of phenol equivalents. If EC 50 values of I. batatas from Croatia were calculated and expressed as phenol equivalents they would be notably lower (0.35 and 0.11 nmol for aqueous and ethanolic extract, respectively), indicating better activity than the leaf grown in Vietnam. Huang et al. [10] found that RSA of I. batatas extracts was not increasing linearly with concentration and that, in a concentration of 100 mg dry matter/mL, ethanol extract of the leaf had an RSA of 41.5% while the activity of aqueous extract was 8.6%. That activity reported in that study is also lower than the activity of I. batatas leaf from Croatia where 50% of RSA was achieved with concentrations lower than 1 mg/mL. However, those results are not entirely comparable because Thu et al. [11] used freeze-dried leaf instead of extract while Huang et al. [10] used somewhat different protocol for RSA determination.
The Reducing Power of the Extracts
Reducing power in a FeCl 3 /K 3 Fe(CN) 6 system is a sensitive method for determination of dilute concentrations of substances, which participate in the redox reaction. In the assay, the color of the test solution changes to various shades of green and blue, depending upon the reducing capabilities of the extracts. Figure 1 shows the reducing power of I. batatas extracts, compared with ASC. As in the case of an antiradical activity, the reducing power of both extracts differed significantly from the activity of positive control. But the differences in antioxidant activity of extracts were also very pronounced. Ethanolic extract had significantly higher reducing power, which was linearly concentration-dependent (r 2 > 0.9). On the other hand, the reducing activity of aqueous extract was low and seemed to decrease with an increase of concentration. That finding differs from results of some previous studies where it was found that the aqueous extract of Vietnamese I. batatas leaf had higher reducing power activity than ethanolic extract. [10] This difference might be a consequence of differences in composition and/or ratio of main antioxidant substances in leaves of I. batatas of different geographical origin. 
β-Carotene-Linoleic Acid Assay
In β-carotene and linoleic acid assay, heat induces formation of a free radical from linoleic acid. The radical then reacts with β-carotene, which undergoes rapid discoloration. Presence of an antioxidant can reduce the extent of β-carotene destruction by reacting with the linoleate free radical or any other free radical formed within the system. Thus, by simulation of the oxidation of the membrane lipid components in the presence of antioxidants, this test gives an insight of the inhibitory effect of extracts on the lipid peroxidation. It also measures the capacity to inhibit the formation of conjugated diene hydroperoxide arising from linoleic acid oxidation. [24] In this assay, β-carotene in the reaction mixture without antioxidant rapidly degraded, and after 90 min was present only in traces (Fig. 2) . Both extracts and BHA were able to prevent most of the degradation of β-carotene during the assay (120 min) and ANT values of all the samples were over 90% (Table 1) . There was no significant difference in the activity of the extracts and BHA, indicating excellent activity of the extracts in this assay. In addition to that, ethanolic extract of I. batatas leaf exhibited significantly better antioxidant activity than aqueous extract.
Assay for Superoxide Dismutase-Like Activity
Superoxide dismutases are a class of enzymes that catalyze the dismutation of superoxide, one of the most reactive ROS, into oxygen and less reactive hydrogen peroxide. Thus, they constitute an important self-defense mechanism of body cells against oxidative damage. Superoxide dismutase-like activity of the extracts was investigated as the ability to prevent autooxidation of pyrogallol. [25] EC 50 values for the extracts and ASC are presented in Table 1 . The activity of the extracts was lower than the activity of ASC, which was to be expected since ASC is one of the strongest biological antioxidants. However, there were significant differences in the activities of the extracts. The amount of ethanolic extract needed to prevent 50% of pyrogallol autooxidation was more than twice lower than the amount of aqueous extract needed for the same effect. 
Yield of Extraction, Total Phenol and Flavonoid Content
Yield of extraction, calculated as the amount of dry extract obtained from 100 g of plant material, is presented in Table 2 . It is evident that the water was a more effective solvent for extraction of I. batatas leaf. Since phenolic substances, and especially flavonoids, are considered to be among the most important antioxidant substances in plants, [26] their quantity was determined in the prepared extracts ( Table 2 ). The content of total phenols was 2.5 times higher in ethanolic than in aqueous extract. The difference in quantity of flavonoids was even more radical. There was only 4.1 mg of flavonoids in a gram of aqueous extract, but more than a tenfold increase in flavonoid quantity could be noted if ethanol was used for extraction instead of water. Some recent studies demonstrated antioxidant activity of flavonoids present in vines of I. batatas. [27] Moreover, I. batatas leaves are rich in other phenolic substances, such as anthocyanins. [28] In this study, ethanolic extract that was significantly richer in total phenols and flavonoids was also considerably more active than aqueous extract in most of the assays performed. This may serve as an indication that phenolic substances also play an important role in antioxidant activity of I. batatas leaf.
Glutathione Assay
One of the consequences of hyperglycemia is elevated production of ROS, which leads to a decreased level of one of the most important antioxidant in the body, GSH. [5] High concentration of glucose leads to glycation of glutamate-cysteine ligase (γ-glutamylcysteine synthetase) thus producing the oxidative stress that can be detected as a decrease in level of GSH. [4] In the present study, Hep G2 cells were treated with a high concentration of glucose and concentration of glutathione was quantified using Cayman's GSH assay kit. The level of glutathione in glucose-treated cells was significantly lower than in non-treated cells, which served as confirmation that glucose has produced the oxidative stress. The ability of aqueous and ethanolic extract to reduce oxidative stress in glucose-treated Hep G2 cells was investigated (Fig. 3) . At concentrations of 50 and 10 μg/mL, both extracts reduced oxidative stress, as seen by significantly increased levels of glutathione in comparison with negative control. In addition to that, at a concentration of 10 μg/mL, ethanolic extract was able to slightly increase GSH concentration in comparison with normal control. This finding might indicate that the incubation of cells with the investigated extracts possibly induced glutamate-cysteine ligase and, thus, relieved intracellular consequences of oxidative stress.
CONCLUSIONS
In this present study, aqueous and ethanolic extract obtained from I. batatas leaf grown in Croatia displayed notable antioxidant activities, as determined by the scavenging effect on the DPPH free radical, reducing power, β-carotene-linoleic acid assay, as well as the superoxide dismutase-like activity. Ethanol was found to be a better solvent for extraction of antioxidant compounds from I. batatas leaf as seen by superior antioxidant activity in most of the performed assays. In addition, ethanolic extract contained markedly higher levels of total phenols and flavonoids. The extracts were also able to normalize intracellular GSH levels in cells with glucose-induced oxidative stress. The results of the present study indicate that I. batatas leaf from Croatia demonstrates a pronounced antioxidant potential that may be helpful in the prevention of complications associated with oxidative stress.
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